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CONTROL OF GUN FUMES IN
M-l SERIES MEDIUM TANKS

1. PROJECT: Determination of the Characteristics and Iffects Upon
the Crew of Gun Fumes from Firing of the VWeapons in Tanks of the M-4
Medium Series and Development of Effective Control.

28, Authority - Letter Commanding General, Headquarters Armored
Force, Fort Knox, Kentucky, 4L00.112/6 GNOHD, dated September 24, 19.i2.

b. Purpose - To determine the ma;nitude of the hazcrd resulting
from the gun fumes in the M-4 series of medium tanks and the development
of effective means for the control of the nazard,

2. DISCUSSION:
8. Methods -

(1) Fire pattern. The quantity of gas releascd inside the
tanks in a given period of time increases witn the rate of gun fire., It
is necessary, therefore, to empley a standard fire pattern in the evaluation
of the hazard which approximates the maximum rate which may be encountered
in combat, In the tests reported herewith, the following fire patterns were
employed:

A\ GUN

The gun was fired in bursts of five rounds each with a time interval
of five minutes between bursts and approximately ten seconds between rounds,
Six bursts or a total of thirty rounds were fired in a complete test which
extended over a period of thirty minutes,

YACHINE GUN

One belt of 250 rounds was fired in approximately four minutes at a
rate of two rounds every two seconds. Four belts were fired in a total per-
iod of twenty minutes to constitute & complete test. The average rate of
fire was therefore 3000 rounds per hour,
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«(2) Permissible cas conccntoitions., Of the gases produced
by gun fire, carbon moncxide is the most - nurtant from the standpoirnt of
toxicity. The maximum concentrations ol il s wnich may be brecthed
with safety varies with length of cxposurc. In these tests an averaze
concentration of 0.05 percent was establi:rnsu as a maximun permissible
value, For an exposure of one-i..lf hour or l1¢5s this atmospheric con-
centration will produce no perceptible eficct, and for an exposure of one
hour only a &ight headache,

(3) Tank operation. The tank was completely buttoned-up and
oxcept. in spec.al tests the notor was operated at its normal idling speed.
I4 wou not possible to orient the tank with respect to wind direction, but
in general the wind was from the rear.

(4) Amunition. 75 mm: AP L=61 FNH and super HE @48, lachine
gun: Calibre 30 ball,

3. CONCLUSIONS:

a. M=4 and M-4 A-1 tonks. The concentrations of carbon monoxide
produced by the 75mm gan and by the turret and bow machine guns were below
the maximum permissible concentrations of C.C5 percent, There was, however,
definite eye irritation resulting from armmonia produced by the 75 mz gun.

b, M=d A-2, M-4 A-3, and =4 A-4 tanks,

(1) The concentration of carben monoxide in the turret result=-
ing from the firing of the 75rm fun exceedcd the maximum concentration of
0.05 percent and is a very real hazard to tank personnel.

N (2) The concentration of arnonia in the turret was such as to
casue con3iderable eye irritation and watering. As a result, the commander
and ihe gunner were frequently unable to see the target., This condition
alone is serious enough to make necessary the installation of control meas-
ures,

(3) The concentration of oxides of nitrogen was within the
pernissible level,

(L) There was no accumulatior of carbon monoxide from onc
burst to another with repeated firing of bursts at five minute intervils.

(5) The direction of air flow toward the rsar of the tank
prevents the pessage of gun fumes froum the turret into the bow, As
a consequence, the driver and the aisistant driver are not exposed to ex-
cessive concentrations of carbon monoxide from the 75mm gun.

(6) Concentrations of carbon monoxide gencrated by the turrct
and bow machine guns were below the permissible concentrations of 0,05 per=
cent,



&+ Control of gun fumcs.

~ (1) Increasing tne envine speed is an effective method of
control of fumes from the 75 'i! gun.

{(2) A high velocity jlet blowing down across the breech was
also effective in controlling the fuaes.

(3) An exhaust system direc®ly over ine breech of ihe iun
which removed the contamination through the turret ventilator was found
to be offective with or without the tank ensine operating.

(4) The rate of exhaust ventilation required was 130 cfn
with a total resistance of G.55 inches, vi.ter gauge.

(5) An exhaust system wnich nvets the sbove specifications

has been installed in an M4A3 tank and was found not to limdt tae dopression
of the gun or otherwise interfere with normal operstions in inc turret. ne
essential requirexments of the system are siown in Figure I accompanying tais
report. Power requirements and superiority ol this inethod o'er otliers is
discussed in Appendix III. The reasons for including the U and !U,ALl nodels
in this recommendation are also discussed in Appendix III. A pilot odel is
available at the edical Research Laboratory.

-
~
-
Y
«

4, RECOITTNDATIONS:

a. Install a turret exhaust system in all tanks of the !i series
to ba shipped overseas,

b. Provide kits for the fleld installation of such an exhaust
systen in all !4 tenks now overseass,
L d
¢. The capacity of the exhaust systen to be not less than 150
cubic feet per minute.with the inlet locat:d over the breech &t recoii
position. The essential requirements arc shovn in Fisure 1 of tne Appendix.

Submitted 3y:

Lt, Col. Hatch

Captain lelson

Captain Horvath

Lieutenant kKichna

Lieutenant Valpole APPLOYID W %(Qcéé

WILLALD VACHLS
& Incls, Lieut., Col., ledical Corps

#l - Appendix I, Sampling and analysis Corwaanding

#2 = Fipure I, Lssential Requireaents of
Lxhiaust Srstem

#3 - Appendix 1I, Gun Fume Concentrations in ‘7 Series of Tunxs,
with Tables I thru IVa and Fipures 2 and 3

#h = Apperdix III, Control of Sun Fumes in the M4 Series of Tanks,
with Tebles V thru VII, and Figures 4 thru 6
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APPENDIX I
SAMPLING AMD ANALYSIS

1. Car.on lonoxide,

&« Collection of air samples: Thrce methods vere employed.

gl) The Mine Safety Appliances continuous indicator.

2) Instantaneous samples in evacuated flzsks for the
determination of peak concentrations and clearance rates at tne end of
firing. .

(3) Continuous samples in evacuated flasks, sampling being
continued st a constant rate throughout & ;iven test in order to determine
the averags concentration for a glven condition. Samrles were colliected
in this manner at one or more ¢rew positions,

b. Blood samples for the determinetion of carbeon wonoxide con=
tent were obtained from the tank crew members in the standard rizxiier be-
fere erd at the end of all complete tests. They were not obtained in
exploratory tests.

c. CO Analysis: ZLvacuated fiask samples were analyzed by ihe
iodine pentoxide methiod and blood samples vy the Scholander-Roughten and
Spectrc Photouwtric methods, Tae L3A GO indicator was checked at regular

tervals against known air-CO mixtures,

2, Concentrations of ammonia and oxidss of nitrogen were cdeterwdned

in portvions of the instantaneous flasik saiples, enploying the Nessler and
phenoldisulphonic acid procedures respectively.

Heel.#1
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APPLLDIK II

CUN FULE CONCENTRATIONS IN M~4 S-RISS OF 7/NKS

-

The results of gun fume tests in the standard U-4 scries cf tarks,
with normal ventilation, are tabulated in Tables I to 4 and are shoun
graphically in Figures 2 and 3.

i. 7542 Gun.

The average concentrations of carbon monoxide frem the 75.= gun
(Table I) were found to be in excess of the zec pzaole lirmit of 0.05 per-
cent in the turret of the M-l A=2, U=l A-3 and K-4 A-L tanks and somewhat
below this value in the Li=4 and H—L A=l t <5 T*e rmore fovorable con-
centrations in the latter models result frec. ile nigher rates of ventil-
ation wihiich are provided. These lanks arc u‘er_ted by eir-cooled engincs
and nove two oil=cooling radiaztors in the bulliiead wherecs the other medels
have only one. As a consequonce of the greater arca of oprcninzs in ihe
bulkhead, more air is drawn through the fiznting compartment into the
engine compartment.

‘ .

The concentration of CC at the driver's positicn in the bow of
the U4 A-3 tank was lew, indicating that little cf the contcmination from
the turret reaches this forward positicn in the tank,

Concentrations of carbon monoxdde in ihe blood of thne erow meaburs
(Table II) were in approximate agrecment with L2 uwMOQp“ur;c cULCu“.“’tions,
with tne highest blood saturation velues for itic locder, and no significant
increase in eitlier of the two bow crew mezicrs,

There was no evidence of accumulation cf ccorben nonoxide from ons
burst to another. This is shown for tie L=4 a=> in Fi;ch I2T ond similar
results were obtained in the olher tanks. It rmust Le noted, houever, that
with higher rates of 1ire remcval of the contamination would not te coxrlete
between bursts and, as a consecuence, the avers e concentraiicn of carbon
monoxide would be idigher. With a two minute interval betueen tursis, for
example, the average CO concentration would be more than 2-1/2 tixucs higher
than the values here reported,

Ammonia was found to be troublescre in the twrret a.d in certuin
tests wus sufficiently strong to czuse irritaticn of tie rnoce wnd ercs with
considerable viatering of the latter. Concentrcticns of wanoris auatalolely
after the fifth round of & single burc. -« Lhe suljective symnicias of tho
turret crew rembers are given in Table IiI. It wiil be noted thot tie
cormander and even the gunncr suffered scie Lemporiry lose of efrectiive
vision as a resuit of the irritation. T.le iu ou»-u,gxy ULaeLireUle cinse
it occurs at a critical time when these twe crow members are in pariiculis

0
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need for maximum vision. Quite apart frem the more subtle action of
carbon monoxide, this imuediate effect is sufficiently serious to require
effective control of gun fumes.

Oxldes of nitrogen were found to bte prosont in the gun fumes but
never in concentrations above 1l5ppm, which is well wiinin the safe concon-
tration for the period of exposurs involved. Cencentrations of methcmoglosin
in the blood of crew members were also found to be insignificunt. Thus, the
oxides of nitrogen may be considered unimportant, from the present findings,

: 2. Machine Guns.

¢

i
Carbon monoxide concentrations resulting from operations of the

turret and bow machine guns (Tabls IV) did not exceed 0.05 percent in the
M~ A-3 tanks. Ammonia concentrations werc also low (Table IVa) and no
eye irritation was reported.

Since the ventilation in this tank is no better, baszically, than
in the M-4 A-2 and M-4 A-4 tanks the findings repcried i Table IV may be
considered representative of all three. In the case ol the L-4 wnd U~} A=l
models, lower concentration undoubtedly would be found, as vwas the cace with
the 75Lka gun., It is to be noted that little of-the contamination from the
turret machine gun reached the bow crew members, and converzely, the turret
crew members were not affected by the operation of the beow zmuchine gun.
Blood concentrations of carbon monoxide for various creow meombers are Jiven
in Table IVa. It is evident from trnese findirgs that the bow and turret
machine guns do not produce a hazard or unpleasant eye irritation when
fired at a rate of 3000 rounds per hour,

3. COXCLUSIOXNS.

Fron the foregoing data, it is corcluded that more ellcciive re-
moval of gun fumes from the 75La gun is required in the k-4 curics of tanks,
The M-4 and L-4 A-l are included in this recommendation, in spiie of their
favorable showing with respect to carbon monoxice, because of the eye
irritation noted in the turret crew members, and the fact thot when used
as pill-boxes with the tank motor not running, these tanks are no better
than the others of the series,

If the prorosed changes in tank ventilation cannot be made in a2ll
tanks im:ediately it would be desirable to equip the L, A-2, k-4 A-3 and
M-l A-l4 models first,.



TADIS T

CARBON LCIOXIDZ CONCINTRATICNS FROM 75Mx GUN

And

CLEARANCE RATES IN SERIES LU-4 TANKS

Standard Conditions of Ventilation

Average Concentration-Percent

No. averaze
Tank of |Loader Cont. Flask Saxples Peck Conc.i Clearance #
Lliodel | Bursts| by Percent Rate
LSA Loader Comzander Gunrer]| Bow | Loader
X, 6 0.039 0.037 0.029 0.022 C...7 5 Scce
ZoA 2 0.031 C.2.5 17 Scc.
A2 2 0.054 0.125 C.550 33 Sz¢.
v A3 6 0.070 0.099 0.122 |0.016] 0.330 32 Scc.
G AL 6 0.123 A‘L C.330 50 Sec.

# Time to clear 50 percent after fivejyounds fired

Sl # 3
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TABLE II
BLOOD CONCENTRATIONS OF CARDON LONCXISI I CRE. LELBIRS
AFTEZR FIRLING & BURSTS WITH 75.a GUN
(30 Min. exp. to cyclical CO conc. in Air)
CO Hemoglobin Ave:r. CO, conce in
Tank Crew Member Prrcent Total Piguent Air (Cont, Flasx Szmple)
Before er
Exp. EXp. Increase
PN Loader o 13.3 13.3 0.037
75 Cormmander 0 L.5 L5 ¢.029
Gun Gunner 0.5 Lo 4.0 0.022
17, A3 Loader 0.1 20.0 19.9
75\ Commander 0.0 .3 1he3 0.0&e7
Gun Gunner L9 15.0 10.1 0.108
Driver 5.0 5.9 0.9
Asst, Driver 1.4 1.7 0.3 0.016
XL AL Loader o 22.5 22.5
75¥m OGury Commander 1.5 .7 13.2 0.123
Gunner 3.3 8.8 5.5 )
Driver 2.8 4.3 1.5
Asst. Driver 2.6
-4 -
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NABSOIRE Y
dofa dia

ALONIA CONCENTIATICNS FRCL 751 GUN

Ard

REPORTED EY&E EFIECT

Ranre in ammeonia

Tank Conc, = prm #* Effeet Unon Zoces of Turrcet orowr
Loader Couranier | Cunier

Very little ‘ Very 1intile

\d, 105 - 220 Irritation smarting ! smarting
4 '
i A2 240 to 270 Watering { watering ) Vatering
M, A3 180 o 410 Vatering watering Sraruing
Uod, Smurting led, Smarting

L, AL 210 to 350 Viatering None hWatering

* At loader's position, epproximately 10 secornds after 5th round of burst

el # 3
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TASLE IV
CARBON MCONOXIDE AND /A2Z/ONIA CCHCENTRATICLS
FRCY
VACHINE GUNS
Standard V-4 A=3 Tank
Yo. | aver. CARRCY VCICIIDE CCICEITRATICONS - Percemt
Belts HSA Spot aver, Ceoneentrations by Cont, Flask
Gun Fired | Loader {lask Turret Lo
Loader | Cunner | :Iriver |.sst. Coiver

Turret Yachd

ine Gun N 0.034% | 0,046 0.018 C.Cy7

Sow Lachine i

Gun A 0,022+ 0.CC6 6,015 j; 0.050

- Ammonia Conc. - pom
Spot Samples au Ind of Lach Belt

Turret lachd i ! [

ine Gun L o= ' i

Bow Machine

e . |

# At loader's Position in Turret, iverase of 3 Samples.

#t At Asst, Oriver's Position in Bow, Average of L uvumples.

n
el #3




BLOOD CONCENTRATICHS OF CAXBON LONCXIDE
IN CReW LEMLEZRS
AFTER FIRING 4 BELTS IN TURRET AND BCW MACHINE GUNS
(20 MIN. EXP.)

CO Hemoglobin

Gun Crew Members Percent Tolal Pigment co
Before | After Averzze Conc, in
Exp. Exp. Increase Air (Cont. Flasik Sazple)

XL, A3 Loader L8 0.04L6 %

Turret Gunner 7.2 0.018

Gun Driver L3 . 0.017
Asst . Driver 2.6

X, A3 Driver 4.3 3.9 ' 0.015

Bow Gun Ahsst Driver 2.6 6.2 3.6 C.050
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APPENDIX III

CONTROL OF GUN FUMES IN THE M~-4 SERIES OF TANKS

Ventilation of the fighting compartment of the M-4 Serics of tanis 1s
incidental to the engine ventilation. The engine-cooling fan drawic soms
of its air from the fighting compartment through one or two radiators and
certain other openings in the bulkhead. The primary purpose of thds air is
to cool the transmission oil, and in the case of an air-cooled tank wotor,
the engine oil, Air gains entrance into the fighting ccmparimant througn
four special ventilators in the hull and turret and through other cracks
and joints in the structure, such as around the 75la gun,

The rate of ventilation through the fighting compartment is a functiion
of the engine speed and is at a minimum when the tark is buttoned-up and
the engine operating at its idling speed. It 1a;¢s, of coursc, substantially
to zero when the tank engine is not rumning. Since the guns wre most cozmonly
fired when the engine is idling it is clear that effective means for control
of gun fumes must be provided when the rate of tank ventilation is at a
minumum,

The distribution of air flow through the fighting compartment is not
uniform. It has been found, for example, that the rate of ecffectivs venti-
lation in the turret is only one—cuarter of the total rate of ventilation through
the tanks. Thus, the concentraticn of gun fumes which builds up in the turwret
is four times higher than it would be if the ventilation were uniform throush-
out the tanks, In this connection, it may be rnoted that the special venti-
lators, owing to their limited capacity, have little Influence upon the dis-
tribution of air flow. The flow through a single ventilator amounts to only
9 percent of the total.

Three methods of control of gun fumes were investijated:

1. Increasing Rate of Ventilaticn v Increasing Encrine Speed, This
method has the advantage of requiring no mcdification in the tanxs or its
parts and is immediately applicable to tanks in the field. Its disadvantages
are that it requires coordination of function betveen the driver and gunner
and 1s undesirable frcm the standpoint of engine raintenance., The vibration
produced may also interfere with effective gunnery.

2. Improving Distribution of Alr Flow Within the Tanks. Since tnre
rate cf effective ventilation in the turret is only one-guarter of the over=-
8ll rate of tank. ventilation, more complete internal air mixing would reduce
the carbon monoxide concentration. The power required to increase the
cffective ventilation rate in the turret by this means should be lesc than
that required to provide an actual inorease in the flow of outside air througn
the turret,




3. Removal of Gun Fumes by Exhiaust Ventllation Throush the
Turret Roof Ventilator. This method conte.plates the direct removal of
fumes as they escape from the gun and before teirg dispersed into the
surrounding atmosphere, It should be inde-encent of the main tank ventil-
ation and work effectively when the tank ergine is not running. Limitations
in this method are that the installation must 1ot interfere with normal
elevation and depression of the gun and the ower requirements must not
exceed tne supply available,

The three methods of control of fumes from the 75Mi! gun- have been
investigated, with the results reported below:

1. Increasing lngine Specd.

In these tests the engine speed was increased before firing
started and was maintained at the higher RPM for two minutes during each
burst, The resulting carbon monoxide concentrations in the turrets of
the U~4 A-2 and i~4 A-3 tanks at increased eigine speeds are compared with
the resuits obtained at normal idling speeds in Taole V, and are represented
grapnically in Figure 4, The increased ventilation obtained by this means
reduces the average CO concentration below tiie acceptable concentration of
0.05 percent, It is of interest to note, that trhe peak concentrations
immediately after the fifth round were not reduced. The rate of clearance
however, was increased three-~fold or more, and as a coisequence, the 7 asre
age concentration was reduced. It is evident that this is an effective
method of controlling gun fumes,

TABLE V

CARBON MONOXIDE AND AMMONIA CONCENTRATIONS FROM 75MM GUN
AND
CLEARANCE RATES AT VARIOUS ENGINE SPEEDS

CARBON 1CIIOYIDE - PERECIN
Peax
No Engine Aver, Conc. Thri Zurst Aver, Peak{ Clear- | Azmonisa
Tank of Speed At loader's rosition Cone. ance Cone.
vodel | Dursts, &PJ By MLSA Cont. Flask Loader Hate PP
U, A2 2 300-4C0 0.054 0.125 0.350 33 Sec 1RL0=270
K, A2 2 1150=-1200 0.012 0.011 0.165 5 Sec
M4 A3 6 500 0.070 0.099 0.330 32 Sec [1a0=410
¥, A3 2 1000 0.031 0.032 0.333 12 Sec [110-305
X, A3 b Y 1500 0.017 0.020 0.649 5 Sec 340
-2-
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2. Intermal Air Mix: 7,
Several methods of increasing the rate of effective ventil-
ation in the turret were investigated with the results saown in Tsable VI

and in Figure 5.

In the first test, a centrifuzal fan with a capacity of 250
cfm was placed on the turret floor and arru:;cd to draw in relatively
clean air and blow it upwards across the bruech in order to increase the
rate of ventllation in the upper zone of the turret. With this chanze in
ventilation the commander and gunner were completely free from contaminstion.
No improvement was noted, however, at the-loader's position., In spiic of
the greatly increased rate of ventilation, the gun fumes were not dispersed
and dfluted in the air stream before reacihing the loader's breathing zone.

A centrifugal fan mounted directly over the breecin and dis-
charging toward the floor improved conditicns but there wes considerable
rebound of the contaminated air from the turret floor which carried the
gas back througn the breathing zone of the loader.

Best results were obtained by neans of a six inch propellor
fan mounted over the gun and arranged to tlcw cdown cgainst the breech
mechanism rather than directly across the breech. Tne resuli was to
create a downward air movement after deflecticn off of the gun. Tac Mslug"
of contamination was broken up &s it emerged fram the gun and there was
1ittle rebounding of the contaminated air. As shown in Figure 5, the car-
bon monoxide concentration at the loader's position was well below the
acceptable maximum of 0,05 percent.

Another method of internal mixing whicn gave satisfactory
results was to blow a small volume of air &t high velocity covmward across
the breech at an angle toward the rear of tae turret. The purpose of the
high velocity Jet was to break up the "elug" of contamination issuing from
the gun, and mix it with the veltillating air streaa and tiae low rate of
air flow was employed so as to minimize rebound inio the uprer zone of tne
turret, Of the several methods of internal mixing, this has the greatest
practical value owing to the fact that it recuires only a small air supply
tube mounted on the gun while the low-capacity fan can be located at a
convenient remote spot., In contrast, a fun mounted directly over the gun
would interfere with the normal depression of the gun,

| .
im’..#‘,»




TABLE VI

CARBON MONOXIPE CONCENTRATION

S FROX 75Mm GUN
D CLEARANCE RATES
INTERNAL AIR KIXING IN TURRET

CO Corcs -~ Percent

Tank Loacder Average
Model Mixing Arrangement Y3y Puek Clearance
By Cont. Cone
ISA Flask Loader Rate
Centrifugal Fan on Floor Blowing
¥, A2 Toward Breech at 250 CFU 0.067 ¢ 0.105 0.365 30 Sec.
Centrifugal Fan Over Breech
M, A3 Blowing Yown Velocity at ‘
Breech =-1000 FPM 0.056] 0.070 04400 30 Sec,
Centrifugal Fan Over Breech
Blowing Down Velocity at
6" Prop. Fan Over Breech
M4 A3 Yachaniem and Blowing Down 0.0151) 0.013% 0.103
High Velocity Jet Blowing
Down &t Angle Toward Breech
Air Vol~50cfm. Velocity at '
M A3 Breech - 590C fpm 0.C21| 0.021# C.076

# Estinated from MSA readings



3. local Exhaust Ventilation.

The practical application of this mathow of control is de-
termined by the space requirements of the apparatus (intake duct, fan
and motor), the rate of exhaust ventilation required and the amount of
power needed to force the air out through the restricted opening of the
ventilator. The purpose of the test here reported was to dctermine the
minimum rate of exhaust ventilation and the power rocuirements of an
effective system. Rsesults are ghown in Table VII and Figure 6.

In the first test air was exhausted through the turrot wven-
tilator without any intake duct. There was considerable ixprovement in
the turret atmosphere but owing to the distance from the gun breech to
the ventilator the removal of gases was not complets. In subsequent tests
an intake duct was carried from the ventilator aleng the roof to a point
directly over the breech of the gun. Two tests wore conducted with ratcs
of air flow of 130 -nd 90 cfm respectively. The CO concentrations with
the lower rate of wur {low were below the limit of 0,05 percent but thara
was noticeable eye irritation. It is concluded, therefore, that the higher
value of 130 cfm represents the minimum effective rate of exhaust ventilation.

0f great practical importance is the fact that the exhaust
system gave satisfactory control of gun fumes without any gereral ventil-
ation of the fighting compartment, that is, with the tank engine not run-
ning. No eye irritation was reported with ihe exhaust systea in opsraiicn,

° The overall resistance of the exhoust systea with 130 cfm was
0.55 inches, water gauge. Thus, the theoreiiczl pover reguired to operzte
the system is less than 10 watts. Owing to the restricted space over the
gun, however, and the limited area of oponing into the ventilator, the
conditicns are not favorable for the installaticn of a highly eflicient
fan., In fact, a fan of special design is required If high fan speed is to
be avoided. An efficiency of 30 to 4O percent would increase the power
requirement to 30-40 watts.

An exnsust system with intike duct, special fan and notor is
now being built which will fit into the allowable space and not interfere
with the depression of the gun. The systex is shown diagramatically in
Figure I.



TABLE VII

CARBON MONOXIDE CONCERTRATICH

AND CLEARANCE RATES
EXHAUST VENTILATION I TURREST

FrROX 75km GUN

CO COLC. ~ PERCLKNT

Loader Average Peak
Tank By Paak Clecr- | Ammonia
= Cont. | Conc. snice Cornc.
Yodel Zxhaust Arrangement SA  Flask |Loader Rate PFRL
|
Zxhaust at 130 Cfm Thru Turret ' !
Y, 43 | Vent, No Inlet Duct 0.037,0.051 |0.206 125
Exhaust at 90 Cfn Inlet Duct ! |
U, A3 | Cpening Over Breech 0,036 C.CW3% i
..haust at 130 CRY Inlet Duct !
M, A3 | Opening Over Breech 0.020 ‘50.016 0.9 10 Sec. 65
Exhaust at 130 CFL Inlet Duct X
Opening Over Breech. Engine ‘
X, A3 | Not Running 0.031;0.0'4 0.109 25 Sec. £0-140

#* Estimated from LSA

Bz » 4
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